Technique has been applied in different network models with different number of nodes and structure to find the shortest path with optimum throughput. Three variations of the Ant Colony Optimization Technique, ACO1, ACO2 and ACO3 has been proposed and applied on different standard network models and the results has been analyzed and concluded. A Tabu list is also maintained for a network with large number of nodes and results were collected to find the optimum size of the Tabu list in one of the algorithms proposed here. Experiments have also been performed by varying the load of the network. Here the throughput and the reliability of the network has been specially taken as the performance factor of the network.
INTRODUCTION
The routing protocols play a very important role in calculating, choosing and selecting the relevant path for transferring the data from the source to the destination efficiently. There are already many accepted routing algorithms [12] to find the shortest path and also to increase the throughput of the network. In this paper, a routing algorithm has been proposed which may be applied in large network structure with heavy load. The algorithm proposed here is selecting the path of the data packets guided by the shortest path but with a probabilistic nature. The goal of every network routing algorithm is to direct the traffic from source to the destination maximizing the network performance. The performance measure that is usually taken into account is the throughput (bits delivered per unit time) and number of packets successfully reaching the destination. Here the performance measure is taken as the throughput and also the number of packets successfully reaching the destination, i.e., the reliability of the network. This paper is divided into seven Sections. Section 1 gives the introduction of the paper, in Section 2 there is a brief explanation of the ACO, Section 3 explains how ACO can be applied in the routing problems of the network. It also explains the working methodologies of the three modifications of the ACO that is ACO1, ACO2 and ACO3 that are proposed in this paper, Section 4 contains the algorithms of the three modifications of the ACO, Section 5 deals with the results of the experiments that are being performed based on some of the standard network topologies. Section 6 contains the discussion on the results and conclusion and also some future scope of work. Section 7 contains the references used in this paper.
ACO
ACO [1] , [5] , [6] is an algorithm based on the behaviour of the real ants in finding a shortest path from a source to the food. This algorithm utilizes the behaviour of the real ants while searching for the food. It has been observed that the ants deposit a certain amount of pheromone in its path while traveling from its nest to the food. Again while returning, the ants are subjected to follow the same path marked by the pheromone deposit and again deposit the pheromone in its path. In this way the ants following the shorter path are expected to return earlier and hence increase the amount of pheromone deposit in its path at a faster rate than the ants following a longer path. ACO takes the inspiration from the foraging behaviour of the ants. These ants deposit pheromone on the ground in order to mark some favourable path that should be followed by other members of the colony. However, the pheromone is subjected to evaporation by a certain amount at a constant rate after a certain interval and therefore the paths visited by the ants frequently, are only kept as marked by the pheromone deposit, whereas the paths rarely visited by the ants are lost because of the lack of phreromone deposit on that path and as a result the new ants are intended to follow the frequently used paths only. Thus, all the ants starting their journey can learn from the information left by the previously visitor ants and are guided to follow the shorter path directed by the pheromone deposit. In ACO, a number of artificial ants(here data packets) build solutions to the considered optimization problem at hand and exchange information on the quality of these solutions via a communication scheme that is pheromone deposit on the path of the journey performed by it.
ACO IN NETWORK ROUTING PROBLEMS:
ACO algorithms can be applied in the network routing problems to find the shortest path [2] . In a network routing problem, a set of artificial ants(packets) are simulated from a source to the destination. The forward ants [4] are selecting the next node randomly for the first time taking the information from the routing table and the ants who are successful in reaching the destination are updating the pheromone deposit at the edges visited by them by an amount ( C / L ), where "L" is the total pathlength of the ant and C a constant value that is adjusted according to the experimental conditions to the optimum value. The next set of the ants can now learn from the pheromone deposit feedback [9] left by the previously visited successful ants and will be guided to follow the shortest path. The probability of selecting a node j from node i is given by where, p ij is the probability of selecting a node i from node j, τ ij is the pheromone associated with the path joining node i and node j,
, where d ij is the distance between the nodes i and j and α and β are parameters that controls the relative importance of the pheromone versus the heuristic information η ij.
The main characteristics of the ACO is that, after each iteration, the pheromone values are updated by all the number of ants (packets) that have reached to the destination successfully and found a solution in the iteration itself. The pheromone value τ ij while traveling from node i to node j is updated as follows:
where ρ is the evaporation rate, m is the total number of successful ants(packets) and ∆τ ij is the quantity of pheromone laid on edge (i,j) by packet k. Here the roulette wheel selection [13] method has been used to select the next node in the path.
One more advantage of the application of ACO in network routing problem is that when the number of packets increases, this algorithm can be applied for controlling the congestion also. In static routing algorithm all the packets from a given source to destination are bound to follow a constant path as calculated by the algorithm and therefore may give arise to the problem of congestion when the number of packets increases. As a result some of the packets may have to wait to be transferred. But in case of ACO, as the next node is selected dynamically and randomly, with the probability to choose the shortest path more, so some of the packets may follow some other path which increases the net throughput of the network when the number of packets in the network increases.
In this paper three variations of the ACO algorithms that is ACO1, ACO2 and ACO3 has been suggested and applied over different network models as discussed below:
a) ACO1:
In the first method, no ants(packets) [4] are allowed to visit a node that is already visited by it in its journey that is no ants(packets)[are allowed to make a loop in its path. While selecting the next node, it is checking that the node has already been visited by it or not. If the node is an already visited one, then just discard the node and check for the other available nodes. If a packet reaches in a state such that it has no other way except to select an already visited node, then stop the packet and mark the packet as unsuccessful.
b) ACO2:
In the second method, the packets are allowed to make loops in their paths and visit an already visited node provided that it will not visit only the last node visited by it. However, this method may give rise to a situation where an ant(packet)may fall in an infinite loop. To avoid this situation after a certain interval of time if an ant(packet)has not reached the destination, the packet is marked as unsuccessful and its journey is forcefully stopped. In this method, after the completion of the journey of the successful packets, the paths of the packets are checked and made free of any of the loops that may have formed during the course of its journey, and then the pheromone deposit of the nodes of the loop free paths are updated. c) c) ACO3: When the network model is large enough, the restriction of not visiting the last visited node only can be little modified with the restriction that the ants(packets)will not visit the last n number of nodes already visited by it. This modification is done to reduce the chances of forming loops in the path of the journey and hence reducing the overhead of removing the cycles from the path of the successful packets after the completion of its journey. Here also the journey of the ants(packets)are suspended after a certain interval of time and the packets failed to reach the destination are marked as unsuccessful. In this mtehod, a Tabu list is maintained to keep the list of the last n number of nodes visited by a packet so that the last n number of nodes are not selected while selecting the next node for going to the destination. Here experiments are carried out for large networks by varying the size of this Tabu list to find the optimum size of the Tabu list with the given number of nodes in the network model. 
ALGORITHMS:

RESULTS a) With Constant load:
Experiments has been done with four different network models and the results are summarized below: It can be seen that the throughput achieved is maximum in ACO1 for all of the experimental set up. In ACO1 and ACO2, the possibility of making the cycles increases and hence the total time taken to reach the destination also increases. Also, as we have considered that there is a certain delay factor for transmitting the packets from one node to another node, the time consumed in reaching the destination increases as there is the probability of making the cycles and hence the throughput falls for ACO2 and ACO3. It can be seen that the throughput achieved is maximum in ACO1 for all of the experimental set up. In ACO2 and ACO3, the possibility of making the cycles increases and hence the total time taken to reach the destination also increases. Also, as we have considered that there is a certain delay factor for transmitting the packets from one node to another node, the time consumed in reaching the destination increases as there is the probability of making the cycles and hence the throughput falls for ACO2 and ACO3. In ACO,1 we are checking the ants are not making any cycles in its path whenever it is going to select a new node in its journey, thereby eliminating the extra time consumed in removing the cycles formed in the path as in the case of ACO2 and ACO3 and also the extra time consumed due to the delay factor of transmitting the packets from one node to another(which is considered to have a constant value in all the experimental set up). So, for any number of nodes present in the network, it has been found that ACO1 is best from the point of view of the throughput However, if we consider from the point of view of the number of packets that has been reached successfully in its destination, ACO2 and ACO3 are better because in ACO1 whenever an ant is following a path, that has no other solution except to form a cycle, we are canceling the journey of the ant and hence reducing the number of successful packets which is a serious drawback of ACO1 when all the packets in the network holds equal importance.
(This problem can be minimized if we simulate more number of ants for the journey because the more number of ants(packets) will deposit more amount of pheromone in the correct path and thereby guiding the rest of the ants followed by them to follow the paths which are free of cycles. So, the possibility of canceling the packets for its journey is also minimized). In ACO2 and ACO3, the packets are given more freedom to select any of the nodes randomly in its path and therefore the possibility of the cancellation of the journey reduces here in comparison to ACO1.
b) Results by varying the loads:
Experiments are also carried out by varying the load of the network with the above three methods of ACO with different network models and their results are summarized below(here the possibilities of the transfer of the packets from any source to destination, except with the same source and destination has been taken into account): From Table 2 , where the size of the network is smallest, we can see that the percent of successful packets for ACO2 and ACO3 are almost same and remains constant on increasing the load of the network also. So, we can conclude that on increasing the load of the network, the performance of the network will remain unchanged in both ACO2 and ACO3. In ACO1, the percent of successful packets is less than in ACO2 and ACO3, but in this case also the success percentage of the packets remains independent on the size of the network. There is variation however in the throughput (Figure 2 .2). The throughput for ACO1 is gradually increasing with increasing the load of the network. In ACO2 also the throughput is increasing gradually with the load. From Table3, we can see that in ACO2, the percentage of successful packets is same for the methods of ACO 2and ACO3 and remains almost constant with the variation of the load of the network. So, again we can conclude that the performance of the network remains unchanged with the increase of the load. However it can be seen that the percentage of successful packets is least in case of ACO1 (Figure 3. 2) but remains with the increase of load. It can also be concluded that the throughput is increasing with increasing the load in all the three methods. However, the throughput of ACO1 is always more than ACO2 and ACO3.and the throughput of ACO2 is always more than the throughput of ACO3 independent on the load of the network. From Table 4 , when the number of nodes increases, that is when the number of nodes are 14, it can be seen that the percentage of successful packets is almost same in ACO2 and ACO3 and least in the case of ACO1. Also the percentage of successful packets remains almost constant in each of the methods being independent on the load of the network as in the previous two cases. The throughput of the network increases in all the three methods. But however, the rate of increase of the throughput is less from the above two cases. From ACO2 and ACO3, it can be seen that initially, when the number of packets are less, the throughput of ACO2 is less than in ACO3. But with the increase of the load, the although the throughput of both of the methods increases, but the rate of increment of ACO2 is more than in ACO3 and gradually with the increase of load, the throughput of ACO3 becomes less than of ACO2. From Table 5 , it can be seen that the percentage of successful packets decreases considerably in ACO1, but remains almost constant with increasing the load of the network. The throughput of ACO1 is however maximum for ACO1 in all the cases( Figure  5 .1). For ACO2 and ACO3, the throughput is almost same and remains constant with load variations. But the throughput of ACO2 is always greater than the throughput of ACO3. However, the percentage of successful packets is slight more in ACO3 than in ACO2 when the load is low (Figure5.2) .
c) Records by varying the size of the Tabu List in ACO3:
Tabu List: Tabu search[10] is a mathematical optimization method, belonging to the class of local search techniques. Tabu search enhances the performance of a local search method by using memory structures. The main objective of the Tabu list is to avoid cycles, thus making a global optimizer rather than a local optimizer. In ACO3, of the ACO [11] algorithms derived in this paper, a Tabu list has been maintained and the size of the Tabu list has been varied and the corresponding throughput and the percentage of successful packets are recorded for the network having large number of nodes.
Experiments has been carried out by varying the size of the Tabu list and the records are summarized below: In the table given above, all the records are taken by keeping the load of the network constant for a particular network structure.
From the results of the experiments performed by varying the size of the Tabu List in ACO3, it can be seen that the percentage of successful packets and the throughput achieved in each of the cases are inversely related. As we are increasing the size of the Tabu list, the possibility of formation of the cycles during the path of the traversal is decreasing, and therefore the extra time consumed in removing the cycles from the path after the journey is complete decreases and so the throughput increases. But at the same time as more restrictions are imposed on the selection of the next node of the packets, the possibility of the cancellation of the journey of the packets also increases because when a packet is following such a path such that it has no other way to continue its journey except to repeat a node already visited by it which is present in the Tabu list maintained for that packet, then the only possible way to sort out the problem is to cancel the journey of the packet which increases the number of packets destroyed in the path of its journey. Comparing it with Table 1 , it can be realized that as the size of the Tabu list is increased, the process of ACO3 tends to merge with the process of ACO1 and as the size of the Tabu list decreases, the process of the ACO3 tends to merge with the process of ACO2, where the packets are restricted not to visit the last visited node only.
CONCLUSION:
In this paper, three variants of ACO for Network Routing is proposed and implemented on various standard Network Models.
The results show that the type of the variations of the ACO that should be applied on the network, obviously depends on the structure, size and the application. For example, from the reliability point of view, in all the cases, ACO2 and ACO3 are better than ACO1. This is because the number of packets destroyed during the journey are less in these two cases. However, when the size of the network increases, the size of the Tabu list of ACO3 may be varied to obtain the optimum output.
Again, if we consider throughput as the only parameter, then ACO1 can be applied, as there is no possibility of making cycles in ACO1.This saves the wastage of time in removing the cycles from the path of the journey of the packets and hence increases the throughput of the system.
Future work on this algorithms can be carried out considering more factors that can be applied in a routing problems such a delay factor, congestion control etc.
